Objective. To evaluate the specificity of expression patterns of cell-free circulating microRNAs (miRNAs) in systemic lupus erythematosus (SLE).
responsive genes (2, 3) and IFN␣-inducible cytokines (4) . Central to this response are plasmacytoid dendritic cells (PDCs), which are activated in SLE (5) and rapidly secrete IFN␣ (e.g., during viral infection and in the presence of some types of immune complexes) (2, 6) . PDCs link the adaptive and innate immune systems, whose activation by nucleic acids via Toll-like receptors is a central event in SLE (7) . Specific microRNAs (miRNAs) are one factor controlling IFN␣ expression by PDCs, and miRNAs also control IFN␣ sensitivity and cytokine receptor expression in target cells (8) . MicroRNAs are small noncoding RNAs that modulate protein translation by pairing with complementary messenger RNA bases. They regulate numerous immunologic, inflammatory, and oncogenic pathways (9) . MicroRNAs are differentially expressed in peripheral blood mononuclear cells (PBMCs), immortalized B cells, and kidney biopsy specimens from patients with SLE (10) (11) (12) (13) (14) (15) . However, data on differentially expressed miRNAs in peripheral blood cells from patients with SLE, including associations with lupus nephritis, are discordant between different studies and different ethnic groups (10, 13, 15) .
MicroRNAs participate in intercellular communication and circulate complexed with proteins (16, 17) or sheltered in exosomes (18) . Several studies have addressed the diagnostic potential of this stable population of cell-free circulating miRNAs, e.g., in cancer (19) . The extent of immune dysregulation in SLE as well as the changed population of circulating subcellular particles (which may include miRNA-containing exosomes) (20) (21) (22) suggest that SLE is a condition in which specific alterations of circulating miRNA profiles are likely to be encountered. However, circulating miRNA expression signatures have not been examined and validated in independent cohorts of patients with SLE, healthy control subjects, and patients with other autoimmune conditions. Thus, we evaluated the plasma expression of a panel of miRNAs relevant to rheumatologic disease in independent cohorts of patients with SLE and control subjects, to determine potential disease-associated expression signatures and hence dysregulated genes and pathways in SLE.
PATIENTS AND METHODS
Biologic samples. The research protocol was approved by the relevant ethics committees, and all participants provided written informed consent. Two main independent SLE cohorts were analyzed. The primary Danish exploratory cohort comprised 62 patients, and the Swedish validation cohort consisted of 68 patients. All except 1 patient, who was Asian, were white Europeans, and all fulfilled the American College of Rheumatology (ACR) criteria for SLE (23) . Twenty-nine age-and sex-matched healthy control subjects (5 men and 24 women, median age 37 years [range 22-71 years]) were included in the Danish study, and 68 age-and sex-matched healthy control subjects (9 men and 59 women, median age 48 years [range 20-63 years]) were included in the Swedish study. A disease control cohort included 20 patients with SLE (19 of whom were from the Swedish cohort), 46 healthy control subjects, 38 patients with vasculitis, 18 patients with rheumatoid arthritis (RA), and 20 immunosuppressed patients (kidney transplant recipients). Finally, 40 blood samples obtained from 14 different additional patients at 2-4 different time points (6 months-1 year apart) were analyzed for correlations with disease activity. Thus, a total of 409 samples from 364 different individuals were included.
Blood samples from the Danish cohort were collected into citrate tubes, without using a tourniquet. Immediately after collection of the samples, blood cells were removed by a 2-step centrifugation protocol performed at room temperature (1,800g for 10 minutes, then 3,000g at 10 minutes) to obtain platelet-poor, cell-free plasma. Aliquots (250 l) were snapfrozen in liquid nitrogen. Samples from the Swedish cohort were drawn into EDTA-coated tubes and left for 1 hour before 1-step centrifugation (1,600g for 10 minutes at room temperature). All samples were stored at Ϫ80°C until analyzed.
RNA isolation and miRNA profiling. A Total RNA Purification Kit (Norgen Biotek) was used to purify RNA (including miRNA) from 100 l of plasma (24) , according to the manufacturer's instructions, with the following minor modifications: 10 mM dithiothreitol and Caenorhabditis elegans synthetic miRNA-39 (miR-39), miR-54, and miR-238 (TAG Copenhagen A/S), each at 1.7 pM, were added to a volume of lysis buffer (from the RNA purification kit) sufficient for all of the samples. This volume was then aliquotted into 2-ml portions and kept at Ϫ20°C until used. One microliter of RNase inhibitor (20 units/l; Applied Biosystems) was added to every elution tube before elution of RNA. Purified RNA was kept at Ϫ20°C for up to 2 weeks before being used for reverse transcription (RT). Reverse transcription was performed using a TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems). The RT primer mix consisted of equal volumes of each of 48 different 5ϫ RT miRNA-specific stem-loop primers (see Supplementary Tables 2 and 3 , available on the Arthritis & Rheumatism web site at http://online library.wiley.com/doi/10.1002/art.37890/abstract). The RT reaction volume was 10 l; 1 l of MultiScribe Reverse Transcriptase (Invitrogen), 3 l of RT primer mix, 1 l of 10ϫ buffer, 0.2 l of 100 mM dNTPs, 0.15 l of RNAse inhibitor, and 4.65 l of the purified RNA were used.
Reverse transcription was performed on an Applied Biosystems 2720 Thermal Cycler, using standard protocols. Specific target amplification was accomplished using TaqMan PreAmp Master Mix and TaqMan assay mix (Applied Biosystems) consisting of equal volumes of the 48 different 20ϫ assays diluted with 1ϫ TE buffer to a final concentration of 0.2ϫ. The preamplification mixture (10 l) contained 2.5 l of diluted complementary DNA (diluted 1:3 with H 2 O) mixed with 5 l of 2ϫ TaqMan PreAmp Master Mix and 2.5 l of the 0.2ϫ TaqMan MicroRNA Assay mix. Preamplification was performed at 95°C for 10 minutes, followed by 16 cycles at 95°C for 15 seconds and at 60°C for 4 minutes, and a hold at 4°C. Preamplified samples (diluted 1:5 with H 2 O) and TaqMan MicroRNA 20ϫ assays were applied to primed 96.96 Dynamic Array chips using loading and assay reagents according to the manufacturer's instructions (Fluidigm). All miRNA assays were performed in duplicate.
Real-time polymerase chain reaction (PCR) was performed with a BioMark Real-Time PCR System (Fluidigm) using single probe (FAM-labeled MGB, ROX reference dye) settings and 40 cycles. The default data acquisition protocol (GE 96 ϫ 96) of the instrument was used. Data were processed using Fluidigm Real-Time PCR Analysis software (version 3.0.1) with the autodetector setting. Conventional quantitative real-time RT-PCR was performed using an Applied Biosystems ViiA 7 system with 8 TaqMan MicroRNA assays (hsamiR-17, hsa-miR-20a, hsa-miR-92a, hsa-miR-142-3p, hsamiR-146a, hsa-miR-181a, hsa-miR-181b, and cel-miR-54) in 384-well plates.
Data handling and statistical analysis. Average raw quantification cycle (Cq) values of Ͼ30 were removed from all data sets. Average Cq values of the duplicate analysis of each miRNA were then subtracted from the average Cq value of the 3 cel-miRNAs for that particular sample, yielding the ⌬Cq values used in further analyses. Thus, samples with high cycle values (low expression) have lower ⌬Cq values than samples with low cycle values (higher expression). All ⌬Cq values were then row-normalized to correct for variations in total input RNA. The average value of 26 miRNAs that were detected in all samples (miR-106a, miR-125a-3p, miR-132, miR-142-3p, miR-146a, miR-146b, miR-150, miR-155, miR-15a, miR-16, miR-17, miR-181b, miR-184, miR-196a, miR-203, miR-20a, miR-21, miR-221, miR-223, miR-24, miR-342-3p, miR-34a, miR-383, miR-409-3p, miR-638, miR-92a) was subtracted from all miRNA ⌬Cq values in each sample. These rownormalized expression values were used for the statistical analyses.
Expression graphs, receiver operating characteristic (ROC) curves, and ⌬Cq values were analyzed using GraphPad Prism version 5.04 software. Statistical significance between groups was determined by unpaired t-test, Mann-Whitney U test, or one-way analysis of variance, with Dunnett's multiple comparison test as appropriate. P values less than 0.05 were considered significant. Correction for multiple testing was performed using false discovery rates (FDRs) (25) . Correlations were evaluated by Spearman's correlation analysis. For principal components analysis (PCA), the PASW Statistics 18 program (IBM SPSS) was used. Diagnostic accuracy was estimated by leave-one-out cross-validation. Diagnostic performance was evaluated using 2 ϫ 2 contingency tables and Fisher's exact test. For the 4 top-performing miRNAs, we derived a risk probability score, p, by logistic regression using Stata version 11.2, where p ϭ 1/(1/e x ϩ 1) and x is the sum of input miRNA ⌬Cq values, each multiplied with specific coefficients. Unsupervised hierarchical clustering was performed with Partek Genomics Suite 6.6 with the default settings that use Euclidian distance with average linkage. Class comparisons of all miRNAs in the 2 main cohorts were performed with BRBArrayTools version 4.1.0 (http://linus.nci.nih.gov/BRBArrayTools.html). For analysis of KEGG pathway enrichment in specific miRNA target genes, microT-3.0 prediction software (http://diana.cslab.ece.ntua.gr/pathways/) was used.
RESULTS

Expression of circulating miRNA in SLE.
The characteristics of the patients with SLE in the exploratory (Danish) cohort and the validation (Swedish) cohort are shown in Table 1 . The 2 cohorts were ethnically and racially homogeneous and comparable. We analyzed the expression of 45 mature miRNAs relevant to rheumatic disease (see Supplementary Table  1 , available on the Arthritis & Rheumatism web site at http://onlinelibrary.wiley.com/doi/10.1002/art.37890/ abstract) in total RNA isolated from plasma and compared the results in patients with SLE with those in age- The fold change is the ratio of expression in patients with systemic lupus erythematosus (SLE) versus controls. All P values less than 0.05 are shown in yellow. The red highlighting indicates significant up-regulation, and the green highlighting indicates significant down-regulation. The 7 miRNAs that were consistently differentially regulated in the 2 cohorts are shown in boldface. FDR ϭ false-discovery rate; ND ϭ not detected.
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and sex-matched healthy control subjects. Graphs showing the expression of all miRNAs appear in Supplementary Figure 1 , available on the Arthritis & Rheumatism web site at http://onlinelibrary.wiley.com/doi/10.1002/ art.37890/abstract. Significant differences were observed (Figures 1 and 2 ). In the Danish cohort, 33 of the 45 assayed miRNAs (see Supplementary Table 1) were detectable (Cq values Յ30), and 15 of these 33 miRNAs were shown to be significantly (FDR Ͻ0.05) differentially expressed (Figure 1) .
The main contributors to differences between patients with SLE and healthy control subjects were demonstrated by the PCA (Figure 2A) , in which the first 2 principal components together accounted for ϳ75% of the data variation. The loadings plot ( Figure 2B) showed the relationship between miRNA expression and the subspace dimension and indicated that the downregulated miR-17/miR-20a/miR-106a cluster contributed similarly to the variation. Likewise, miR-142-3p and miR-181a, both of which were increased Ͼ3-fold, contributed in parallel. Unsupervised hierarchical clustering using the 4 top-performing miRNAs ( Figure 2C ) illustrated the differentiation between patients and controls and the concordant expression of miR-17, miR-20a, and miR-106a.
We next examined miRNA profiles in the validation (Swedish) cohort. Except for the use of EDTA plasma and the performance of 1 instead of 2 centrifugation steps for plasma preparation, these samples were processed and analyzed exactly as in the Danish cohort. The data are summarized in Figure 1 . The results validated findings in the exploratory cohort regarding 7 significantly changed miRNAs (Figure 1) , i.e., an increase in the expression of miR-142-3p and miR-181a and down-regulation of miR-17, miR-20a, miR-92a, miR-106a, and miR-203, with no difference between patients with SLE and healthy control subjects for 10 other miRNAs. Additionally, 15 miRNAs behaved differently in the 2 cohorts (see Supplementary Table 3 , available on the Arthritis & Rheumatism web site at http://onlinelibrary.wiley.com/doi/10.1002/art.37890/ abstract). Figures 3A and B show the results of PCA and loadings plot analysis of these data, respectively. In the validation cohort, the main miRNA contributors to sample variability were shown to be the same as those in the exploratory cohort. Figure 3C illustrates validation of significant miRNAs by summarizing the FDRs and fold changes in the data from the exploratory and validation cohorts.
The difference between the ⌬Cq values of the 2 most significant miRNAs (miR-142-3p and miR-106a) was used to classify samples ( Figure 3D ). In leave-oneout cross-validation, the classification accuracy was 89% (positive predictive value 100%, negative predictive value 74%) and the P value (by Fisher's exact test) was 1 ϫ 10 Ϫ15 in the exploratory cohort. In the validation cohort, the area under the curve (AUC) of the ROC curve was 0.89 (versus 0.95 in the exploratory cohort), and the classification performance was 76% (P ϭ 2 ϫ 10 Ϫ9 ), without optimizing cutoff scores. MiRNA expression, disease activity, and complications. No specific miRNAs common to both cohorts correlated significantly with Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) scores (26) . Notably, miR-181a correlated with both the SLEDAI (r ϭ 0.48, P Ͻ 0.0001) and the Lupus International Collaborating Clinics (SLICC)/ACR Damage Index (27) (r ϭ Ϫ0.39, P ϭ 0.0014) in the Swedish cohort but not in the Danish cohort. Both cohorts consisted primarily of patients with mild-to-moderate disease activity (Table  1 ). In consecutive samples using a panel of 7 miRNAs, including 3 of the 4 top-performing miRNAs from the primary analyses, we also observed no correlation between disease activity and miRNA expression in individual patients. However, when analyzing the consecutive data as a whole, we did observe a correlation (r ϭ Ϫ0.35/0.38, P ϭ 0.02) between the SLEDAI score and decreased expression of miR-142-3p and increased expression of miR-181b. In accordance with previous studies (28), we did not observe correlations between any miRNA and patient age.
We examined the possibility that immunosup- pressive treatment by itself would affect miRNA levels. Expression of the 4 best-performing miRNAs (miR-142-3p, miR-106a, miR-17, and miR-20a) was compared between patients who were not receiving immunosuppressive treatment (n ϭ 23 in the Danish cohort, n ϭ 15 in the Swedish cohort) and those receiving treatment with any of the following: azathioprine, methotrexate, mycophenylate mofetil, or hydroxychloroquine. No statistically significant differences were observed between these 2 groups in either cohort (data not shown). Thus, the dysregulation of these miRNAs in SLE was independent of immunosuppressive treatment. Active nephritis at the time of sampling was significantly associated (FDR Ͻ0.05) with decreased levels of miR-342-3p, miR-223, and miR-20a, in both the Danish cohort (9 of 62 patients) and the Swedish cohort (12 of 68 patients).
For cardiovascular disease, we observed associations only in the Swedish cohort (31 of 68 patients with a history of myocardial infarction, arterial thrombosis, or venous thrombosis); in this cohort, vascular events were highly significantly associated (P Ͻ 0.0001, FDR Ͻ0.0035) with increased levels of miR-150, miR-155, and miR-383. All 3 of these miRNAs also correlated with platelet activation (C1q binding; r ϭ 0.35-0.36), the SLICC (r ϭ 0.38-0.49), expression of type I IFN signature proteins in platelets (29), i.e., IFN-induced transmembrane protein 1 (r ϭ 0.34-0.54), and protein kinase, IFN-inducible double-stranded RNA-dependent activator (r ϭ 0.51-0.63).
MicroRNA expression in patients with SLE and disease controls. Samples obtained from patients with SLE (n ϭ 20; 19 of the samples were from patients in the above-described Swedish cohort) were analyzed together with those from disease controls (Figure 4) . The results confirmed a significant decrease in the expression of miR-20a and miR-92a (and a trend toward decreased expression of miR-203) and an increase in miR-142-3p expression in patients with SLE relative to healthy control subjects. MicroRNA-181a was not consistently detected, and the expression of miR-17 and miR-106a was not significantly changed (see Supplementary Table  4 , available on the Arthritis & Rheumatism web site at http://onlinelibrary.wiley.com/doi/10.1002/art.37890/ abstract). However, 3 miRNAs that were decreased in Figure 4 . Expression of miRNAs and risk probability scores in patients with SLE and disease controls. A, Unsupervised hierarchical clustering using the 4 top-performing miRNAs from the exploratory and validation cohorts, healthy controls (HCs), patients with SLE, patients with vasculitis (Vasc.), patients with rheumatoid arthritis (RA), and kidney transplant recipients (TP). B-D, Risk probability scores, derived after applying a logistic regression model based on the 4 top-performing miRNAs in the SLE/HC samples in the disease control sample set (left of the broken red line in B). B, Disease controls training set. C, Swedish cohort (19 healthy controls were removed because they were used in the data set shown in B). D, Danish cohort. Symbols represent individual data points; horizontal lines show the mean. ‫ءء‬ ϭ P Ͻ 0.01; ‫ءءء‬ ϭ P Ͻ 0.001 versus SLE. NS ϭ not significant (see Figure 3 for other definitions).
only 1 of the Danish/Swedish cohorts (miR-146a in the Danish cohort; miR-16 and miR-101 in the Swedish cohort) were all significantly down-regulated the SLE samples in this data set. Subsequently, a risk probability score based on the 4 top-performing miRNAs validated in the Danish and Swedish cohorts was developed by logistic regression in the 20 patients with SLE and 46 healthy control subjects in this training sample set ( Figure 4B ) (see also Supplementary Table 5 , available on the Arthritis & Rheumatism web site at http:// onlinelibrary.wiley.com/doi/10.1002/art.37890/abstract). This score showed highly significant (P Ͻ 0.006) differentiation between patients with SLE and healthy control subjects and between patients with SLE and the collective group of patients with other diseases (RA, vasculitis, and kidney transplant). The AUC for the risk probability score was 0.67. The risk score also significantly discriminated the SLE group from the RA and kidney transplant groups ( Figure 4B ) but not from the vasculitis group. The risk score was tested in the Swedish cohort and validated in the Danish cohort. In each instance, scores in patients with SLE were significantly (P Ͻ 0.0001) higher than those in healthy control subjects (Figures 4C and D) .
Targeted pathway analysis. The most prominently targeted pathways of miR-181a are the transforming growth factor ␤ (TGF␤) signaling and the cytokinecytokine receptor pathways. The gene for TGF␤ receptor type I (TGFBR1) is also targeted (along with genes involved in cytoskeletal organization) by the other highly significantly up-regulated miRNA (miR-142-3p). The down-regulated miR-17-92 cluster and its paralogs also regulate genes, prominently BMPR2, in the TGF␤ signaling pathway. Thus, TGF␤ signaling emerged as a common target for all consistently differentially regulated miRNAs in our study. The targeted genes were TGFBR1/2, ACVR2A/2B, SMAD6/7, SMURF1, BMPR2, and MAPK1 (ERK1/2). Another major pathway targeted by miR-17 is regulation of the actin cytoskeleton (7 genes targeted). The only significantly down-regulated miRNA outside of the miR-17-92 family was miR-203. This miRNA targets genes in the MAPK signaling and cytokine-cytokine receptor pathways and many genes involved in focal adhesion and tight junctions.
DISCUSSION
To date, this is the largest study of circulating cell-free miRNA in SLE using 2 independent cohorts. Seven miRNAs were differentially expressed, and the expression of 10 miRNAs was unchanged; these observations were completely consistent between the 2 cohorts. Expression of the remaining 16 miRNAs was different in the 2 cohorts, which may be partially explained by differences in sample processing (e.g., more platelets in the validation cohort). Overall, however, the findings suggest that predictable changes in the profiles of miRNA released to the circulation may characterize systemic autoimmunity and may include patterns specific for SLE.
The sources and states of miRNA in the circulation are heterogeneous. Most miRNA originates from blood cells, including platelets, and endothelial cells (28, 30) . Aberrations of miRNA in circulating cells have been shown in SLE, but data are inconsistent (13, 15) . This may be attributable to small numbers of investigated samples, different ethnic groups, and different cell types studied. Also, miRNA in the circulation is found in vesicles (exosomes, microparticles) and/or in miRNAprotein complexes. The types of vehicles for the miRNAs in the present study are not known. This would be interesting to explore in future work, using differential centrifugation or immunomagnetic isolation of vesicles or specific miRNA-binding proteins.
With regard to cell-free circulating miRNA, our group previously demonstrated the stability of plasma miRNA after several freeze-thaw cycles and the reproducibility of identical, independently processed samples (24) . In the present study, we observed higher expression of miR-142-3p and miR-181a and lower expression of miR-17, miR-20a, miR-106a, miR-92a, and miR-203 in SLE. Microarray profiling of circulating miRNAs in a Chinese SLE population showed up-regulation of 19 different miRNAs and down-regulation of 32 different miRNAs (31) . The observed up-regulation of miR-142-3p and down-regulation of miR-92a are consistent with our results, while the other miRNAs that were significantly increased or decreased in that study were not included in our panel. Our data also are consistent with up-regulation of miR-142-3p (15, 29) and miR-181a (15) and down-regulation of miR-17 (13) and miR-20a (15) in B cells and PBMCs from patients with SLE. Additionally, a recent study showed that circulating miR-142-3p expression was also specifically increased in patients with systemic sclerosis, to levels above those observed in patients with SLE (32) .
Conversely, CD4ϩ T cells in patients with SLE contain decreased miR-142-3p/5p (33) . Increased miR-142-3p expression in cell-free SLE plasma may thus be caused by increased cellular release of this miRNA through increased exocytosis (leading to decreased intracellular content) and/or normal exocytosis of cells con-taining increased miRNA. MicroRNA-181a, which is present at low levels in plasma, was up-regulated Ͼ2-fold in both cohorts. This miRNA is important for hematopoietic cell differentiation (34, 35) , increases the fraction of B-lineage cells (36) , and is also expressed by endothelial cells (37) . Our results do not confirm the results of a study in which miR-181a expression was decreased in the peripheral blood of pediatric patients with SLE (38) .
Except for miR-203, all of the consistently downregulated miRNAs observed in the present study belong to the polycistronic miR-17-92 family and its paralogs. These are known oncogenic, antiapoptotic, and immunoinflammation-modulating miRNAs (39) . Thus, miR-17, miR-20a, and miR-92a regulate apoptosis by repressing Bim and PTEN. Together with miR-106a, miR-17 and miR-20a also control monocytopoiesis (40) and regulate regulatory T cells (targeting CREB1 and TGFBR2, among others) (41) . Down-regulation of these miRNAs that display homologous seed sequences supports the functional significance of our findings and would be expected to accelerate apoptosis and inhibit monocytopoiesis (39) . Increased apoptosis and impaired clearance are central to the pathogenesis of SLE (42) (43) (44) .
Cellular miR-146a and miR-125a have been associated with lupus nephritis and activation of cytokine pathways in SLE (10, 15) , but dysregulation of these miRNAs in PBMCs from patients with SLE has not been confirmed (14, 15, 31) . Our data showed that the level of circulating miR-146a was significantly decreased in the exploratory cohort and was significantly increased in the validation cohort, while expression of miR-125a-3p was increased in one cohort and unchanged in the other. The increased miR-155 expression observed in activated lymphocytes from patients with SLE (45) is not supported by the circulating levels observed in a previous study (31) , in accordance with our data.
The association of miR-223 with lupus nephritis observed in this study is consistent with findings in renal biopsy specimens (14) . We also observed that miR-342-3p expression was specifically decreased in patients with lupus nephritis; expression of this miRNA is decreased in PBMCs and Epstein-Barr virus-transformed B cells from African American patients with SLE (15) .
Type I IFNs are associated with vascular disease in SLE, modulating endothelial function and regeneration (29, 46, 47) , and miR-155/155* regulate type I IFN production by PDCs (2, 6, 48) . In addition, miR-150 is enriched in lymphoid cells (30) , and miR-155 is present in platelets (49) . In the current study, strong associations of miR-150 and miR-155 with vascular disease were observed in the Swedish cohort, where these miRNAs also correlated with expression of type I IFN-regulated platelet proteins and with platelet activation. Due to less extensive centrifugation, more cellular (especially platelets) and subcellular elements may have contributed to specific miRNA profiles in the Swedish cohort samples. Therefore, the range of ⌬Cq values for miR-150, miR-155, and miR-383 was much larger in samples from the Swedish cohort compared with those from the Danish cohort (see Supplementary Figure 1 , available on the Arthritis & Rheumatism web site at http://onlinelibrary. wiley.com/doi/10.1002/art.37890/abstract). Increased cell or platelet counts and cellular and platelet activation may thus contribute to the increased expression of miR-150 and miR-155 in patients with vascular disease. In addition, preliminary data show that plasma miRNAs distribute differently (i.e., not all are located in exosomes) upon extended ultracentrifugation (Carlsen AL, et al: unpublished observations). Additional studies are needed to establish relationships between miRNAs, cellular stimulation, and development of vascular disease in patients with SLE. Further validation of the methods used for determination of circulating miRNAs, including putative differences between plasma from blood anticoagulated with citrate or EDTA, is also required.
In conclusion, our study confirms specific expression patterns of cell-free circulating miRNA in SLE and validates the use of a "top 4" miRNA-based score for SLE risk. The extent to which these miRNA profiles may be used diagnostically, prognostically, and for monitoring purposes is yet to be determined, but our results do suggest cellular pathways involved in SLE pathogenesis and thus advance the basis for understanding the function and targeting of miRNAs in SLE.
